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Abstract: N-nitrosodimethylamine (NDMA), a known carcinogenic agent, was recently detected in
some products of ranitidine. Several studies have investigated the detectability of NDMA, in drugs
and their risks. However, only a few epidemiological studies have evaluated cancer risk from the use
of such individual drugs. This study investigates the risk of cancer in ranitidine users. We conducted
an observational population-based cohort study using the Health Insurance Review and Assessment
databases, which contain information about the use of medicines in South Korea. The primary
study cohort consisted of ranitidine users (n = 88,416). For controls, we enrolled users of famotidine,
another H2-receptor antagonist in which no NDMA has been detected. A 4:1 matched cohort was
constructed to compare cancer outcomes of the two groups. Our matched cohort comprised of 40,488
ranitidine users and 10,122 famotidine users. There was no statistical difference in the overall cancer
risk between the ranitidine and famotidine groups (7.45% vs. 7.56%, HR 0.99, 95% CI 0.91–1.07,
p = 0.716). Additionally, no significant differences were observed in the analysis of 11 single cancer
outcomes. We found no evidence that exposure to NDMA through ranitidine increases the risk
of cancer.
Keywords: ranitidine; NDMA; cancer risk; claims data; famotidine
1. Introduction
N-nitrosodimethylamine (NDMA) is a known environmental contaminant found in
water, foods (such as dairy products, vegetables, grilled meats), and several industrial
processes [1,2]. There has been no study investigating the carcinogenic effects in humans
following oral exposure of NDMA. However, many animal studies have demonstrated the
carcinogenic effects of NDMA [3]. NDMA has been classified by the International Agency
for Research on Cancer (IRAC) as a probable human carcinogen (group 2A) [4].
Ranitidine is a H2-receptor antagonist (H2RA) that is used widely to reduce the
production of gastric acid in patients with gastroesophageal reflux disease (GERD) and
peptic ulcer disease (PUD) [5]. In September 2019, the U.S. Food and Drug Administration
(FDA) and the European Medicine Agency announced that NDMA was detected in Zantac®,
one of the trade names of ranitidine. FDA had set the acceptable daily intake limit for
NDMA at 0.096 micrograms or 0.32 ppm for ranitidine. However, testing of ranitidine
products showed that NDMA levels were as much as nine times greater than the FDA’s
recommended limit. Therefore, many manufacturers and retailers have voluntarily recalled
ranitidine worldwide. Not long after, NDMA was detected in another antihistamine,
nizatidine [6].
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Previously, NDMA was identified in medicines containing valsartan in June 2018,
and FDA recalled many batches of valsartan products from the global market. NDMA is
believed to have been introduced into valsartan products due to the manufacturing process
of the active pharmaceutical ingredient.
Several studies have detected N-nitrosamine precursors, including NDMA, in drugs,
and investigated their risks [7–11]. However, only a few epidemiological studies have
evaluated cancer risk from the use of such drugs [12]. Pharmacoepidemiologic studies
are needed for clinically relevant causality assessment. For this purpose, a cohort study
that identifies the patients’ individual medication and monitors the side effects through
long-term follow-up is appropriate.
Therefore, the present study aimed to investigate the association between the use of
ranitidine containing NMDA and the risk of cancer.
2. Methods
2.1. Data Source
We conducted an observational population-based cohort study using the Health
Insurance Review and Assessment (HIRA) database in South Korea. HIRA contains health
insurance claims data, also known as National Health Insurance Service (NHIS) data,
because it is generated during the claims process for health care services in South Korea. The
NHIS is a non-profit organization with a single insurer responsible for operating the health
insurance program. Approximately 52 million residents in Korea are obliged to register
with the NHIS. Insurance benefits of the coverage are extensive and include in-patient
and out-patient care, prescription drugs, rehabilitation, and health promotion. Therefore,
almost all medical practice is carried out with NHIS insurance, and the claims data for
medical reimbursement will be requested to NHIS by the health care provider. As a result,
all relevant data are accumulated in the NHIS database [13]. International Classification of
Disease, Tenth Revision (ICD-10) codes are used for identifying the diagnosis. For patients
with cancer, a special diagnostic code (C-code) is assigned in addition to the ICD-10 code.
We investigated liver, lung, kidney, biliary tract, and prostate cancer, which has been
shown to be associated with NDMA exposure in previous animal studies [14,15]. A total
of 11 cancer outcomes were obtained from NHIS database, including those with high
incidence. The cancer information collected is as follows: Primary malignant neoplasm
of the liver (defined as ICD-10 codes C22), malignant neoplasm of the cecum, appendix,
any site of the colon, and rectum (defined as ICD-10 codes C18–20), malignant neoplasm
of the stomach (defined as ICD-10 codes C16), malignant neoplasm of the bronchus and
lung (defined as ICD-10 codes C34), malignant neoplasm of the kidney, except renal pelvis
(defined as ICD-10 codes C64), malignant neoplasm of any site in the bladder (defined as
ICD-10 codes C67), malignant neoplasm of the uterus, myometrium, and cervix (defined
as ICD-10 codes C53-54), malignant neoplasm of the breast (defined as ICD-10 codes
C50), malignant neoplasm of the thyroid gland (defined as ICD-10 codes C73), malignant
neoplasm of the gall bladder and biliary tract (defined as ICD-10 codes C23-24), and
malignant neoplasm of the prostate (defined as ICD-10 codes C61). The C-code patients
are charged a minimum amount of co-payments (5% of total costs) [16]. This study was
conducted using NHIS data with approval from the Institutional Review Board of Gangnam
Severance Hospital (no.3-2019-0318).
2.2. Study Cohort
The study cohort consisted of patients prescribed ranitidine between January 2009
and December 2011. Patients who were prescribed famotidine during the same period
were set as a comparison control group. Famotidine is an H2RA similar to ranitidine, but it
does not contain NMDA as known from FDA tests. Individual periods of H2RA exposure
were determined according to the intended duration of each prescription recorded in the
database. We enrolled patients who were using ranitidine or famotidine for more than
one year between January 2009 and December 2011. Ranitidine users of a cumulative dose
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exceeding 10,800 mg and famotidine users of a cumulative dose exceeding 14,400 mg were
selected. To compare the equivalent doses between the two drugs, the defined daily dose
(DDD) was calculated and compared. The DDD is the assumed average maintenance dose
per day for a drug used for its main indication in adults [17].
Between January 2009 and December 2011, we identified 554,987 individuals pre-
scribed ranitidine and 147,830 individuals prescribed famotidine. Of the total 702,817
patients, we excluded those who met any of the following criteria: (1) Users of ranitidine or
famotidine between 2007–2008, (2) patients with an overlapping use of two drugs between
2009–2011, (3) diagnosed with cancer between 2007–2011, (4) aged under 30 or over 80, and
(5) died before December 2011.
After exclusion, a cohort of 88,416 ranitidine users and 10,129 famotidine users was
enrolled, of which 42,488 ranitidine users and 10,122 famotidine users were selected for the
study, in a ratio of 4:1. These groups were matched by sex, age, diabetes mellitus (DM),
and cumulative exposure.
We excluded participants aged under 30 years as cancer occurrence is rare, and the
types of cancer are often different in children and younger adults, from those that develop
in older adults. In this study, we obtained cancer outcomes between January 2012 and
December 2018 from the HIRA database. Cancer patients were identified by registered
cancer diagnostic codes within a follow-up period. We investigated the occurrence of
cancer in the lung, liver, kidney, biliary tract, and testis, which are organs with confirmed
carcinogenicity of NDMA in animal models. In addition, the occurrence of cancer in the
stomach, colorectal, thyroid gland, breast, uterus, and bladder, which also have a high
incidence, was determined.
Within the study cohort, we used the unique drug ID recorded on the NHIS to verify
exposure to ranitidine products in each participant and to identify the corresponding
manufacturer. We further stratified the extent of NDMA exposure by the cumulative
use of ranitidine and famotidine from the prescriptions (12–18 months, 18–24 months,
24–30 months, over 30 months).
2.3. Statistical Analysis
Continuous variables were analyzed using the Student’s t-test. Chi-squared test was
used to detect the proportional differences between ranitidine and famotidine groups. A
Cox proportional hazards regression model was used to assess the association between
ranitidine or famotidine exposure and risk of cancer. For regression analyses, a hazard ratio
(HR) with a 95% confidence interval (CI) was used. p < 0.05 was considered to indicate
statistical significance. All statistical analyses were performed using R Statistical Software
(version 3.5.0; R Foundation for Statistical Computing, Vienna, Austria).
2.4. Patient and Public Involvement
No patients were involved in setting the research question, outcome measures, the
study design, or the conduct of the study. Patients were not invited to contribute to the
writing or editing of this document for readability or accuracy.
3. Results
There were 88,416 and 10,129 subjects in the ranitidine and famotidine groups, respec-
tively (Figure 1). The baseline characteristics of the two groups are listed in Table 1. During
the study period, the average cumulative dosage of ranitidine was 220,394 mg, and the
average DDD was 683 days. In the famotidine group, the average cumulative dosage was
29,578 mg, and DDD was 739 days. DM was also found to be present in 36.3% of ranitidine
users and 34.6% of famotidine users. In terms of cumulative duration, 12–17 months were
the most frequent in both groups (45.9% vs. 39.7%). However, 19.6% of the ranitidine group
and 25.8% of the famotidine group were used for more than 30 months.
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Figure 1. Flowchart of 4:1 matched cohort assembly of ranitidine users (n = 40,488) and famotidine users (n = 10,122).
Table 1. Baseline characteristics of the cohort of ranitidine and famotidine users.
Characteristics Ranitidine (n = 88,416) Famotidine (n = 10,129)
Male (n, %) 43,217 (48.9) 5307 (52.4)
Age (years, mean ± SD) 61.0 ± 11.3 59.8 ± 11.8
30–49 (years, n, %) 14,305 (16.2) 1966 (19.4)
50–59 (years, n, %) 23,356 (26.4) 2810 (27.7)
60–69 (years, n, %) 26,914 (30.4) 2850 (28.2)
70–79 (years, n, %) 23,841 (27.0) 2503 (24.7)
Diabetes mellitus 32,051 (36.3) 3501 (34.6)
Diabetes mellitus period
≤3 years 9529 (10.8) 1006 (9.9)
≥4 years 22,522 (25.5) 2495 (24.6)
Dosage
mg, (mean ± SD) 204,919 ± 104,366 29,579 ± 15,544
DDD (mean ± SD) 683.1 ± 347.9 739.5 ± 388.6
Cumulative duration
12–17 months 40,557 (45.9) 4023 (39.7)
18–23 months 19,361 (21.9) 2133 (21.0)
24–29 months 11,126 (12.6) 1364 (13.5)
≥30 months 17,372 (19.6) 2609 (25.8)
DDD, Defined daily dose.
We examined the risk of cancer outcomes for a 4:1 matched cohort of users of ranitidine
(n = 40,488) and famotidine (n = 10,122). The flowchart for the cohort design is provided in
Figure 1. Subjects from the ranitidine group that were statistically matched to those from
the famotidine group were selected considering the following factors: Age, sex distribution,
cumulative duration, DM, and DM period. DM and DM period were included as matching
factors because DM is a known risk factor for most cancers. Table 2 shows the baseline
characteristics of the 4:1 well-balanced, matched cohort. The incidence for overall cancer
was 3018 (7.45%) in the ranitidine group and 765 (7.56%) in the famotidine group. There
was no statistical difference in overall cancer risk between the ranitidine and famotidine
groups (HR 0.99, 95% CI 0.91 to 1.07, p = 0.716). Furthermore, no significant differences
were observed in 11 single cancer outcomes between the two groups (Table 3).
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Table 2. Baseline characteristics of a 4:1 matched cohort (age, sex, DM, and cumulative duration) of
ranitidine and famotidine users.
Characteristics Ranitidine (n = 40,488) Famotidine (n = 10,122) p-Value
Male (n, %) 21,208 (52.4) 5302 (52.4) >0.999
Age (years, mean ± SD) 59.9 ± 11.8 59.8 ± 11.8 0.765
30–49 (years, n, %) 7836 (19.3) 1959 (19.3)
50–59 (years, n, %) 11,240 (27.8) 2810 (27.8)
60–69 (years, n, %) 11,400 (28.2) 2850 (28.2)
70–79 (years, n, %) 10,012 (24.7) 2503 (24.7)
Diabetes mellitus 13,976 (34.5) 3494 (34.5) >0.999
Diabetes mellitus period >0.999
≤3 years 4020 (9.9) 1005 (9.9)
≥4 years 9956 (24.6) 2489 (24.6)
Dosage
mg, mean ± SD) 220,395 ± 112,850 29578 ± 15549
DDD (mean ± SD) 734.6 ± 376.2 739.4 ± 388.7 0.254
Cumulative duration >0.999
12–17 months 16,092 (39.8) 4023 (39.8)
18–23 months 8524 (21.0) 2131 (21.0)
24–29 months 5440 (13.4) 1360 (13.4)
≥30 months 10,432 (25.8) 2608 (25.8)
DDD, Defined daily dose.
Table 3. Risk of cancer between ranitidine users and famotidine users.
Cancer Ranitidine (n, %) Famotidine (n, %) p-Value Hazard Ratio (95% CI) p-Value
Overall 3018 (7.45) 765 (7.56) 0.739 0.99 (0.91–1.07) 0.716
Liver 400 (0.99) 117 (1.16) 0.148 0.85 (0.69–1.05) 0.133
Colorectal 359 (0.89) 92 (0.91) 0.878 0.98 (0.78–1.23) 0.832
Biliary 93 (0.23) 19 (0.19) 0.493 1.22 (0.75–2.00) 0.422
Stomach 450 (1.11) 106 (1.05) 0.616 1.06 (0.86–1.31) 0.580
Lung 473 (1.17) 119 (1.18) 0.992 0.99 (0.81–1.21) 0.951
Prostate 173 (0.43) 43 (0.42) >0.999 1.01 (0.72–1.40) 0.974
Kidney 72 (0.18) 23 (0.23) 0.369 0.78 (0.49–1.25) 0.306
Bladder 118 (0.29) 21 (0.21) 0.181 1.41 (0.88–2.24) 0.151
Uterine 46 (0.11) 10 (0.10) 0.815 1.15 (0.58–2.28) 0.689
Breast 108 (0.27) 33 (0.33) 0.365 0.82 (0.55–1.21) 0.313
Thyroid 159 (0.39) 37 (0.37) 0.761 1.07 (0.75–1.54) 0.694
When analyzed according to the cumulative duration of ranitidine and famotidine
intake, there was again no difference in the overall cancer risk (p = 0.716, Figure 2). All
11 single cancers showed the same pattern for cumulative incidence.
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The stomach secretes gastric acid, which plays a physiological role, such as that of 
removing potentially harmful bacteria and aiding in digestion. However, some diseases, 
such as GERD and PUD, are aggravated by gastric acid, and their treatment evolved sig-
nificantly with the development of H2RA in the 1970s [18]. H₂-receptors play an important 
role in gastric acid secretion, and their antagonists, the H2Ras, compete with these hista-
mines to bind H₂-receptors and inhibit gastric acid secretion. Ranitidine, introduced in 
1981, has been sold in more than 120 countries, formulated for the treatment of 222 million 
patients worldwide. In other words, ranitidine is one of the most extensively studied and 
used drugs. Although ranitidine has many side effects, such as bloating, fever, and hepa-
totoxicity, similar to many other medicines, there have been no reports of malignant dis-
ease associated with their use [19,20], and so many clinicians were not worried about the 
risk of cancer from ranitidine. However, owing to the recent detection of carcinogens in 
ranitidine, additional research is needed to clarify the risk of cancer from ranitidine use. 
Researchers have studied NDMA formation in ranitidine [1,21], and chloramination 
of ranitidine has been suggested as a formulation mechanism of NDMA. The formation 
of NDMA is mainly determined by chloramine and precursor amine groups, both of 
which are highly dependent on pH [8]. The optimal pH for NDMA formation appears to 
be at 7–8. At lower pH, the reaction is limited because of the lack of non-protonated 
amines. A study conducted in 2016 by Zeng et al. reported the production of NDMA by 
nitrosation of ranitidine under stomach-relevant pH conditions in vitro [9]. However, the 
usual caveats of in vitro studies exist, and there is a lack of research on the formation of 
NDMA in vivo. Matsuda et al. reported that after ranitidine intake, the maximum concen-
tration of NDMA in the stomach is 7.9 ng/mL, which is 6.6 times higher than reported 
before [7]. In another study, NDMA excreted in urine after ranitidine intake was 95.6 
ng/mL, which was a 430-fold increase than before ranitidine use [9]. Actual systemic 
NDMA exposure is likely much higher than that eliminated in urine [22].  
NDMA is a semi-volatile organic chemical that is produced by both industrial and 
natural processes. It is a member of N-nitrosamines, a family of potent carcinogens [23]. 
NDMA is not currently produced in pure form or commercially used, except for research 
purposes. It was formerly used to produce liquid rocket fuel, as an antioxidant, and as an 
additive for lubricants [24]. The most significant toxicity of NDMA is carcinogenicity, 
which has been studied for more than 50 years. Although sufficient epidemiological stud-
ies have not yet been reported to provide evidence for the association between NDMA 
and cancer development, animal studies have shown that the risk of cancer may increase 
with exposure to NDMA. Tumors were found to develop in the lungs, liver, kidneys, and 
bile ducts in animals (such as rats, mice, hamsters, and rabbits) through inhalation or oral 
i f ti i s rs.
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4. Discussion
The stomach secretes gastric acid, which plays a physiological role, such as that of
removing potentially harmful bacteria and aiding in digestion. However, some diseases,
such as GERD and PUD, are aggravated by gastric acid, and their treatment evolved signif-
icantly with the development of H2RA in the 1970s [18]. H2-receptors play an important
role in gastric acid secretion, and their antagonists, the H2Ras, compete with these his-
tamines to bind H2-receptors and inhibit gastric acid secretion. Ranitidine, introduced in
1981, has been sold in more than 120 countries, formulated for the treatment of 222 million
patients worldwide. In other words, ranitidine is one of the most extensively studied
and used drugs. Although ranitidine has many side effects, such as bloating, fever, and
hepatotoxicity, similar to many other medicines, there have been no reports of malignant
disease associated with their use [19,20], and so many clinicians were not worried about
the risk of cancer from ranitidine. However, owing to the recent detection of carcinogens in
ranitidine, additional research is needed to clarify the risk of cancer from ranitidine use.
Researchers have studied NDMA formation in ranitidine [1,21], and chloramination
of ranitidine has been suggested as a formulation mechanism of NDMA. The formation of
NDMA is mainly determined by chloramine and precursor amine groups, both of which
are highly dependent on pH [8]. The optimal pH for NDMA formation appears to be at
7–8. At lower pH, the reaction is limited because of the lack of non-protonated amines. A
study conducted in 2016 by Zeng et al. reported the production of NDMA by nitrosation of
ranitidine under stomach-relevant pH conditions in vitro [9]. However, the usual caveats
of in vitro studies exist, and there is a lack of research on the formation of NDMA in vivo.
Matsuda et al. reported that after ranitidine intake, the maximum concentration of NDMA
in the stomach is 7.9 ng/mL, which is 6.6 times higher than reported before [7]. In another
study, NDMA excreted in urine after ranitidine intake was 95.6 ng/mL, which was a
430-fold increase than before ranitidine use [9]. Actual systemic NDMA exposure is likely
much higher than that eliminated in urine [22].
NDMA is a semi-volatile organic chemical that is produced by both industrial and
natural processes. It is a member of N-nitrosamines, a family of potent carcinogens [23].
NDMA is not currently produced in pure form or commercially used, except for research
purposes. It was formerly used to produce liquid rocket fuel, as an antioxidant, and as
an additive for lubricants [24]. The most significant toxicity of NDMA is carcinogenicity,
which has been studied for more than 50 years. Although sufficient epidemiological studies
have not yet been reported to provide evidence for the association between NDMA and
cancer development, animal studies have shown that the risk of cancer may increase
with exposure to NDMA. Tumors were found to develop in the lungs, liver, kidneys, and
bile ducts in animals (such as rats, mice, hamsters, and rabbits) through inhalation or
oral administration [4]. It is debatable whether NDMA directly causes cancer or merely
increases the predisposition or susceptibility of an individual to cancer. Genetic toxicity
associated with carcinogenicity includes excessive DNA methylation, DNA fragmentation,
chromosomal abnormalities, and mutation, and can also cause sperm malformations,
as observed in several animal studies [25,26]. Evidence of carcinogenicity in rodents
was found when administered at a dose of 10 µg/kg/day [15]. According to an FDA
announcement, NDMA levels of up to 0.86 µg on the intake of 300 mg ranitidine tablets
and up to 0.36 µg on the intake of 150 mg tablets were measured. The daily exposure for a
70 kg adult is estimated at approximately 0.012 µg/kg/day. Although it is impossible to
apply the results of animal experiments directly to humans, the daily exposure of NDMA
from ranitidine in humans is much lower than the lowest NDMA dose leading to cancer in
rodents.
The primary strength of this study was the population size selected from a high
quality nationwide and population-based database. There are few epidemiological studies
evaluating cancer risk from ranitidine use in a large population follow-up cohort [27]. The
selection of famotidine users as controls is suitable because famotidine, whose function
is similar to ranitidine, lacks NDMA. Famotidine is comparatively more potent than
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ranitidine at gastric acid suppression. However, proton pump inhibitors are much more
potent than H2RA and are widely used for gastric acid suppression [28]. Therefore,
the clinical indications of ranitidine and famotidine are almost identical [5], and as all
co-variates cannot be adjusted, a control group using a similar indication drug is more
appropriate than the general population. In a recent Japanese study, the authors compared
ranitidine/nizatidine users with other H2 blocker users. They reported that ranitidine and
nizatidine did not increase the risk of cancer [27].
This study has several limitations. First, some cancer incidences and drug exposures
are not included, due to study design limitations. For example, if a patient used ranitidine
from January 2009 to December 2009 and was diagnosed with cancer in 2011, he would
have been excluded from the study. These limitations apply equally to both groups. Since
the two groups were compared under the same conditions, the results can be adopted.
Second, cancer incidence was not compared with the general population. We compared SIR
(standardized incidence ratio, adjusted by age and sex) for cancer in the general population
and medication group. The overall SIR for all cancers was 1.22 (Ranitidine vs. famotidine
1.23 vs. 1.31 p < 0.001). Because of the protopathic bias, cancer incidence is higher than that
of the general population. Third, the follow-up period is restricted to seven years; thus, the
overall follow-up period is not long enough to assess the onset of cancer. Fourth was the
lack of information about potential confounders of cancer, such as smoking and underlying
diseases other than DM. Fifth, the actual exposure of NDMA was not measured and is
difficult to estimate, thus actual exposure in an individual patient may be different. Sixth,
medication compliance was not known and thus could be a confounding factor.
Despite these limitations, this study will assist with clarifying the suspected risk of
cancer following ranitidine prescription.
To conclude, we found no association between probable NDMA exposure through
ranitidine and the short-term risk of cancer. However, further research is needed to assess
the long-term cancer risk.
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